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[57] ABSTRACT 

A control device for a system interconnection inverter. The 
control device includes an active/reactive current reference 
generator and an active/reactive current detector for detect 
ing an output AC current of the inverter. The control device 
further includes a phase detector, a frequency detector, and 
a voltage amplitude detector of the AC voltage of the 
inverter. The control device also includes a frequency ref 
erence generator and a voltage amplitude reference genera 
tor. The control device also includes a frequency correction 
computing circuit and a voltage amplitude correction com 
puting circuit. The control device further includes an adder 
for adding the active current reference signal and the voltage 
amplitude correction signal to output as an active current 
correction reference signal, and for adding the reactive 
current reference signal and the frequency correction signal 
to output as a reactive current correction signal. The control 
device still further includes a current control circuit for 
generating an output voltage reference signal for the inverter 
and a gate control circuit for controlling the output voltage 
of the inverter based on the output voltage reference signal. 

11 Claims, 12 Drawing Sheets 
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CONTROL DEVICE FOR SYSTEM 
INTERCONNECTION INVERTER 

This application is a Continuation of application Ser. No. 
08/180279, ?led on Jan. 12, 1994, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a control device for an inverter 
which operates the supply and reception of power to and 
from an AC system by interconnecting with the AC system, 
and more particularly relates to a control device for a system 
interconnection inverter which can continuously supply 
power to a load by the inverter alone even if the intercon 
nection with the AC system is interrupted. 

2. Description of the Related Art 
System interconnection inverters are used for supplying 

power to loads from DC power sources, such as fuel cells, 
secondary battery cells and recti?ers. They are also used for 
receiving and supplying power between these DC power 
sources and AC systems. 

FIG. 14 is a diagram showing a prior art example of a 
control device for this type of system interconnection 
inverter. The prior art control device is composed of a 
voltage source type self-commutated inverter 10 and an 
inverter control device 100. Voltage source type self-com 
mutated inverter 10 is composed of an inverter main circuit 
1 (described later), a DC capacitor 2 and a transformer 3. 
Inverter main circuit 1 has power conversion devices (con 
trollable switching devices) GU, GV, GW, GX, GY and GZ 
and rectifying devices DU, DV, DW, DX, DY and DZ. 
Power conversion devices having self-tum-otf ability, such 
as GTOs (gate turn-01f thyristors), power transistors, IGBTs 
(insulated gate bipolar transistors) and SI (static induction 
type) thyristors may be used as power conversion devices 
GU, GV, GW, GX, GY and GZ. Self-commutated inverter 10 
is interconnected to a 3-phase AC system 6 via an intercon 
nection circuit breaker 5 and is also connected to a load 7. 

Inverter control device 100 is composed of an active/ 
reactive current reference generator 101, a phase detector 
103, an active/reactive current detector 104, a current con 
trol circuit 105, a gate control circuit 106 and also Hall CTs 
201,202 and 203. 

Inverter main circuit 1 can control the 3-phase output 
voltage of inverter main circuit 1 by altering the conductive 
periods of power conversion devices GU, GV, GW, GX, GY 
and GZ. It also controls the current supplied to and received 
from AC system 6 via the impedance of transformer 3 by 
adjusting the phase and amplitude of the 3-phase output 
voltage of inverter main circuit 1 in response to the phase 
and amplitude of system voltages VR, VS and VT of AC 
system 6. 
By means of this current control, inverter 10 supplies and 

receives active power to and from AG system 6 and also 
supplies reactive power to AC system 6 via interconnection 
circuit breaker 5 by converting the DC power of a DC power 
source 4 to active power or converting active power to DC 
power. Similarly, inverter 10 also supplies active power and 
reactive power to load 7. 

Current control of inverter 10 is performed by inverter 
control device 100 as follows. 

Phase detector 103 detects a phase 6 of system voltages 
VR, VS and VT of 3-phase AC system 6 on the inverter 10 
side. 
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2 
Active/reactive current detector 104 detects the active 

current component and the reactive current component from 
inverter output AC currents iR, iS and iT which are detected 
by Hall CTs 201, 202 and 203, as respective active current 
detected value iq and reactive current detected value id. 

Current control circuit 105 computes inverter output 
voltage references VRc, VSc and VTc, which determine the 
3-phase output voltage of inverter main circuit 1, so that 
active current detected value iq and reactive current detected 
value id from active/reactive current detector 104 equals 
active current reference value iqc and reactive current ref 
erence value idc from active/reactive current reference gen 
erator 101. In the calculation of these inverter output voltage 
references VRc, VSc and VTc, the phase of the inverter 
output voltage for that of system voltages VR, VS and VT 
of AC system 6 are to be determined. Therefore, system 
voltage phase 6 detected by phase detector 103 is used in the 
calculation. 

Gate control circuit 106 compares inverter output voltage 
references VRc, VSc, and VTc with a triangular carrier wave 
signal produced within gate control circuit 106, and outputs 
gate signals which determine the conductive periods of 
power conversion devices GU, GV, GW, GX, GY and GZ 
composing inverter main circuit 1. 
A detailed explanation of the operation of the system 

interconnection inverter and its control device shown in 
FIG. 14 have already been given in the reference A stated 
below. The detailed explanation is therefore omitted here. 

Reference A: Shun-ichi Hirose et al. “Application of a 
digital instantaneous current control for static induction 
thyristor converters in the utility line”. PCIM Proceedings, 
pp 343-349, Dec. 8, 1988 in Japan. 

Also, the operation of gate control circuit 106 is given in 
the reference B stated below. 

Reference B: Report of the Institute of Electrical Engi 
neers of Japan, Specialist Committee on the Study of Semi 
conductor Power Conversion Methods, “Semiconductor 
power conversion circuits”, pp 108-112, “PWM Inverter”, 
published on Mar. 31, 1987 by the Institute of Electrical 
Engineers of Japan, Incorporated. 
The prior art system interconnection inverter control 

device in FIG. 14 has the following problem. That is to say, 
when interconnection circuit breaker 5 opens due to the 
occurrence of a fault or the like in AC system 6, inverter 10 
cannot execute the supply and reception of power with AC 
system 6 and, at the same time, the phase of the AC voltage 
of AC system 6 cannot be detected. Therefore, active current 
component iq and reactive current component id, which are 
detected from inverter output AC currents iR, iS and iT, 
cannot be outputted as active current reference value iqc and 
reactive current reference value idc from active/reactive 
current reference generator 101 as they should be. As a 
result, the output voltage and frequency of inverter 10 
increase or decrease so that the desired power cannot be 
supplied to load 7. Therefore, the problem arises that the 
operation of inverter 10 has to be stopped. 

SUMMARY OF THE INVENTION 

Accordingly, one object of this invention is to provide a 
control device for a system interconnection inverter which 
can continue to supply to the load by the inverter alone while 
the inverter is executing the supply and reception of power 
with an AC system by interconnection with the AC system, 
even if interconnection with the AC system is interrupted. 
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Another object of this invention is to provide a control 
device for a system interconnection inverter which can 
increase the reliability of a system using a system intercon 
nection inverter and can expand the range of its application, 
since, whether the interconnection state of the system inter 
connection inverter and the AC system changes from the 
interconnected state to the sole state or conversely from the 
sole state to the interconnected state, it can supply the 
appropriate power to the load from a system using a system 
interconnection inverter without taking this state alteration 
as a state signal for the interconnection circuit breaker or the 
like, or without temporarily interrupting the operation of the 
system interconnection inverter. 

These and other objects of this invention can be achieved 
by providing a control device for an inverter. The inverter is 
connected to an AC system via an interconnection circuit 
breaker, is connected to a load, converts DC power from a 
DC power source to AC power, and supplies or receives the 
AC power to or from the AC system. The load receives the 
AC power. The control device includes active/reactive cur 
rent reference generator for generating an active current 
reference signal and a reactive current reference signal and 
an active/reactive current detector for detecting an active 
current component and a reactive current component of an 
output AC current of the inverter to output as an active 
current signal and a reactive current signal, respectively. The 
control device further includes a phase detector for detecting 
a phase of the AC Voltage to output as a phase signal, a 
frequency detector for detecting a frequency of the AC 
voltage to output as a frequency signal and a voltage 
amplitude detector for detecting an amplitude of the AC 
voltage to output as a voltage amplitude signal. The control 
device also includes a frequency reference generator for 
generating a frequency reference signal and a voltage ampli 
tude reference generator for generating a voltage amplitude 
reference signal. The control device also includes a fre 
quency correction computing circuit for detecting a fre 
quency deviation between the frequency reference signal 
and the frequency signal and for generating a frequency 
correction signal based on the frequency deviation, and a 
voltage amplitude correction computing circuit for detecting 
a voltage amplitude deviation between the voltage amplitude 
reference signal and the voltage amplitude signal and for 
generating a voltage amplitude correction signal based on 
the voltage amplitude deviation. The control device further 
includes an adder for adding the active current reference 
signal and the voltage amplitude correction signal to output 
as an active current correction reference signal, and for 
adding the reactive current reference signal and the fre 
quency correction signal to output as a reactive current 
correction signal. The control device still ?nther includes a 
current control circuit connected to receive the phase signal, 
the active current signal, the reactive current signal, the 
active current correction reference signal, and the reactive 
current correction reference signal for generating an output 
voltage reference signal for the inverter such that the active 
current signal equals the active current correction reference 
signal and the reactive current signal equals the reactive 
current correction reference signal, and a gate control circuit 
for controlling the output voltage of the inverter based on the 
output voltage reference signal. 

According to one aspect of this invention, there is pro 
vided a control device for an inverter as described above. 
The control device is also constructed as described above. In 
addition, in the control device, the frequency correction 
computing circuit generates the frequency correction signal 
only when the frequency deviation exceeds a ?rst speci?ed 
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4 
value, and the voltage amplitude correction computing cir 
cuit generates the voltage amplitude correction signal only 
when the voltage amplitude deviation exceeds a second 
speci?ed value. 

According to another aspect of this invention, there is 
further provided a control device for an inverter as described 
above. The control device is also constructed as described 
above, and further includes a voltage/frequency monitoring 
circuit connected to receive the frequency signal and the 
voltage amplitude signal for generating a switching-OFF 
signal when the frequency signal is outside a ?rst speci?ed 
band or the voltage amplitude signal is outside a second 
speci?ed band. The control device also includes a computing 
circuit saturation detector connected to receive the fre 
quency correction signal and the voltage amplitude correc 
tion signal for generating a switching-OFF cancellation 
signal only when a state where the frequency correction 
signal exceeds a ?rst maximum output level has continued 
for more than a speci?ed period or a state where the voltage 
correction signal exceeds a second maximum output level 
has continued for more than the speci?ed period. In addition, 
in the control device, the frequency correction computing 
circuit generates the frequency correction signal only when 
the switching-OFF signal is applied and the switching-OFF 
cancellation signal is not applied, and the voltage amplitude 
correction computing circuit generates the voltage ampli 
tude correction signal only when the switching-OFF signal 
is applied and the switching-OFF cancellation signal is not 
applied. 

According to this invention, it is possible to continue to 
supply power to the load by the inverter alone, even if 
interconnection with the AC system is interrupted, by caus 
ing the current control circuit to output an inverter output 
voltage reference signal by controlling such that the active 
current signal becomes equal to the active current correction 
reference signal and, at the same time, the reactive current 
signal becomes equal to the reactive current correction 
reference signal. 

In addition, according to one aspect of this invention, a 
deadband-?tted frequency correction computing circuit and 
a deadband-?tted voltage amplitude correction computing 
circuit are provided in the control device for the inverter. 
Therefore, unnecessary control operations which occur due 
to system ?uctuation during system interconnected opera 
tion can be suppressed. 

Furthermore, according to another aspect of this inven 
tion, a voltage/frequency monitoring circuit regards times 
when the ?uctuations of the voltage amplitude and the 
frequency exceed the speci?ed bands as transferring to sole 
operation. Also, by operating the switch-?tted voltage 
amplitude correction computing circuit and the switch-?tted 
frequency correction computing circuit, the operation of 
commencing the correction control can be executed. There 
fore, the operation of this correction control is suppressed 
during system ?uctuations, and also control with excellent 
accuracy without deadbands can be executed when trans 
ferring to sole operation. Moreover, when transferring from 
sole operation to interconnected operation, the computing 
circuit saturation detector monitors the levels of the voltage 
correction signal and the frequency correction signal. There 
fore, the operation of stopping correction control when the 
output continuously exceeds a speci?ed level can be 
executed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof will be readily obtained 
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as the same becomes better understood by reference to the 
following detailed description when considered in connec 
tion with the accompanying drawings, wherein: 

FIGS. 1a and 1b are block diagrams showing the com 
position of a ?rst embodiment of a system interconnection 
inverter control device of this invention; 

FIG. 2 is a diagram showing an example of a practical 
circuit for a frequency correction computing circuit 131 in 
FIGS. 1a and 1b; 

FIG. 3 is a diagram showing an example of a practical 
circuit for a voltage amplitude correction computing circuit 
132 in FIGS. 1a and 1b; 

FIG. 4 is a diagram to illustrate the operation of the main 
circuit variables when the inverter 10 in FIGS. 1a and 1b 
switches from interconnected operation to sole operation; 

FIG. 5 is a vector diagram to illustrate the load voltage 
alteration at the time the inverter 10 in FIGS. 1a and 1b 
switches from interconnected operation to sole operation; 

FIGS. 6a and 6b are block diagrams showing the com 
position of a second embodiment of a system interconnec 
tion inverter control device of this invention; 

FIG. 7 is a diagram showing an example of a practical 
circuit for a deadband-?tted frequency correction computing 
circuit 131A in FIG. 6; 

FIG. 8 is a diagram showing an example of a practical 
circuit for a deadband-?tted voltage amplitude correction 
computing circuit 132A in FIG. 6; 

FIG. 9a and 9b are showing the composition of a third 
embodiment of a system interconnection inverter control 
device of this invention; 

FIG. 10 is a diagram showing an example of a practical 
circuit for a switch-?tted frequency correction computing 
circuit 141 in FIGS. 9a and 9b;~ 

FIG. 11 is a diagram showing an example of a practical 
circuit for a switch-?ttedvoltage amplitude correction com 
puting circuit 142 in FIGS. 9a & 9b; 

FIG. 12 is a diagram showing an example of a practical 
circuit for a voltage/frequency monitoring circuit 144 in 
FIGS. 9a and 9b; 

FIG. 13 is a diagram showing an example of a practical 
circuit for a computing circuit saturation detector 143 in 
FIGS. 9a and 9b; and 

FIG. 14 is a diagram to illustrate the composition of an 
example of a prior art system interconnection inverter and its 
control device. 

DETAlLED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like reference 
numerals designate identical or corresponding parts 
throughout the several views, the embodiments of this 
invention will be described below. 

FIGS. 1a and 1b are showing the composition of a ?rst 
embodiment of this invention. The following additional 
features differ from the prior art example of FIG. 14: 

a frequency detector 107, which composes the frequency 
detector means; 

a voltage amplitude detector 108, which composes the 
voltage detector means; 

an adder circuit 110, which composes the adder means; 
a voltage amplitude reference generator 121, which com 

poses the voltage amplitude reference generator means; 
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6 
a frequency reference generator 122, which composes the 

frequency reference generator means; 
a frequency correction computing circuit 131, which 

composes the frequency correction computing circuit 
means; 

and 

a voltage amplitude correction computing circuit 132, 
which composes the voltage amplitude correction comput 
ing circuit means. 

Points other than these are the same as in FIG. 14. 

Frequency detector 107 detects the frequency of the AC ‘ 
voltage applied on load 7 from AC system 6 or inverter 10 
and outputs a frequency signal F. Voltage amplitude detector 
108 detects the amplitude of the AC voltage and outputs a 
voltage amplitude signal V. Frequency reference generator 
122 outputs a frequency reference signal Fc. Voltage ampli 
tude reference generator 121 outputs a voltage amplitude 
reference signal Vc. Frequency correction computing circuit 
131 outputs a frequency correction signal EF from the 
deviation between frequency reference signal Fe and fre 
quency signal F, as described later. Voltage amplitude cor 
rection computing circuit 132 outputs a voltage amplitude 
correction signal EV from the deviation between voltage 
amplitude reference signal Vc and voltage amplitude signal 
V. 

Adding circuit 110 has adders 111 and 112. Adder 111 
subtracts voltage amplitude correction signal EV outputted 
from voltage amplitude correction computing circuit 132 
from active current reference iqc outputted from active/ 
reactive current reference generator 101, and outputs an 
active current correction reference signal iqm to current 
control circuit 105. Also, adder 112 subtracts frequency 
correction signal EF outputted from frequency correction 
computing circuit 131 from reactive current reference idc 
outputted from active/reactive current reference generator 
101, and outputs a reactive current correction reference 
signal idm to current control circuit 105. 

FIG. 2 shows a practical circuit example for frequency 
correction computing circuit 131 in FIG. 1. Circuit 131 is 
composed of an adder 1311 and a proportional integration 
computing circuit 1312. Proportional integration computing 
circuit 1312 is composed of an operational ampli?er Aa, 
resistors Rla, R2a and R3a and a capacitor Ca. 

FIG. 3 shows a practical circuit example for voltage 
amplitude correction computing circuit 132 in FIG. 1. Cir 
cuit 132 is composed of an adder 1321 and a proportional 
integration computing circuit 1322. Proportional integration 
computing circuit 1322 is composed of an operational 
ampli?er Ab, resistors Rlb, R2b and R3b and a capacitor 
Cb. 

When using this type of composition, it is possible to 
continue to supply power to load 7 by inverter 10 alone, even 
if interconnection with AC system 6 is interrupted, by 
causing current control circuit 105 to output inverter output 
voltage reference signals VRc, VSc and VTc by controlling 
such that active current signal iq equals active current 
correction reference signal iqm and, at the same time, 
reactive current signal id equals reactive current correction 
reference signal idm. 
The following is a description of the operation of this 

embodiment. In FIGS. 1a and 1b, frequency detector 107 
detects the frequency of the AC voltage on the inverter 10 ' 
side of interconnection circuit breaker 5, and outputs fre 
quency signal F. Voltage amplitude detector 108 detects the 
amplitude of the AC voltage on the inverter 10 side of 
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interconnection circuit breaker 5 and outputs voltage ampli 
tude signal V. Frequency reference generator 122 outputs 
frequency reference signal Fc which is equal to the rated 
frequency of the voltage of AC system 6. Voltage amplitude 
reference generator 121 outputs voltage amplitude reference 
signal Vc which is equal to the rated amplitude of the voltage 
of AC system 6. 

Frequency correction computing circuit 131 inputs fre 
quency reference signal Fc from frequency reference gen 
erator 122 and frequency signal F from frequency detector 
107. After taking the difference by adder 1311, it outputs 
frequency correction signal EF via proportional integration 
computing circuit 1312. 

Voltage amplitude correction computing circuit 132 
inputs voltage reference signal Vc from voltage amplitude 
reference generator 121 and voltage amplitude signal V from 
voltage amplitude detector 108. After taking the difference 
by adder 1321, it outputs voltage amplitude correction signal 
EV via proportional integration computing circuit 1322. 

In proportional integration computing circuits 1312 and 
1322, the values of the resistors and capacitors and the gains 
of operational ampli?ers Aa and Ab can be easily deter 
mined by those skilled in the art, so the detailed description 
thereof may be omitted. 

Adding circuit 110 subtracts frequency correction signal 
EF outputted from frequency correction computing circuit 
131 from reactive current reference idc outputted from 
active/reactive current reference generator 101 using adder 
112, and outputs reactive current correction reference signal 
idm. At the same time, it subtracts voltage amplitude cor 
rection signal EV outputted from voltage amplitude correc 
tion computing circuit 132 from active current reference iqc 
outputted from active/reactive current reference generator 
101 using adder 111, and outputs active current correction 
reference signal iqm. 

Current control circuit 105 inputs reactive current refer 
ence signal idm outputted from adding circuit 110, in place 
of reactive current reference idc which was inputted in the 
prior art example of FIG. 14. At the same time, it inputs 
active current reference signal iqm outputted from adding 
circuit 110, in place of active current reference iqc which 
was inputted in the prior art example of FIG. 14. It then 
calculates inverter output voltage references VRc, VSc and 
VTc which determine the 3-phase output voltage of inverter 
main circuit 1, so that active current detected value iq and 
reactive current detected value id from active/reactive cur 
rent detector 104 are equal to active current correction 
reference signal iqm and reative current correction reference 
signal idm. 

In the embodiment in FIGS. 1a and 112, when intercon 
nection circuit breaker 5 is closed and inverter 10 is inter 
connected with AC system 6, frequency detector 107 detects 
the frequency of the AC voltage of AC system 6 as fre 
quency signal F and voltage amplitude detector 108 detects 
the‘ amplitude of the AC voltage of AC system 6 as voltage 
amplitude signal V. Therefore, frequency signal P and fre 
quency reference signal Fc are equal and also, voltage 
amplitude signal V and voltage amplitude reference signal 
Vc are equal. 

By this means, frequency correction signal EF, outputted 
by frequency correction computing circuit 131, and voltage 
amplitude correction signal EV, outputted by voltage ampli 
tude correction computing circuit 132, become zero. Also, 
active current correction reference signal iqm and reactive 
current correction reference signal idm respectively become 
equal to active current reference iqc and reactive current 
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8 
reference idc. Therefore, inverter 10 supplies active current 
and reactive current to AC system 6 and load 7 according to 
active current reference signal iqc and reactive current 
reference singal idc from active/reactive current reference 
generator 101. 
On the other hand, when interconnection circuit breaker 5 

is open and inverter 10 alone supplies power to load 7, 
frequency signal F detected by frequency detector 107 
differs from the frequency of the AC voltage of AC system 
6. Also, voltage amplitude signal V detected by voltage 
amplitude detector 108 differs from the amplitude of the AC 
voltage of AC system 6. Therefore, there is then a difference 
between frequency signal F and frequency reference signal 
Fc. Also, there is then a difference between voltage ampli 
tude signal V and voltage amplitude reference signal Vc. 

For this reason, frequency correction signal EF outputted 
from frequency correction computing circuit 131 and volt 
age amplitude correction signal EV outputted from voltage 
amplitude correction computing circuit 132 will not become 
zero. 

Adding circuit 110 respectively corrects reactive current 
reference idc and active current reference iqc by frequency 
correction signal EF and voltage amplitude correction singal 
EV, and outputs reactive current correction reference signal 
idm and active current correction reference signal iqm to 
current control circuit 105. 

Inverter 10 supplies active current and reactive current to 
load 7 in response to active current reference signal iqm and 
reactive current reference signal idrn from adding circuit 
110. By this means, the frequency and amplitude of the 
inverter output voltage are made equal to frequency refer 
ence Fe and voltage amplitude reference Vc. 

In this embodiment, the same control circuit can be used 
both when interconnection circuit breaker 5 is closed and 
inverter 10 and AC system 6 are interconnected and when 
interconnection circuit breaker 5 is open and inverter 10 
alone supplies power to load 7. Also, the oscillation which 
occurs when inverter 10 switches from interconnected 
operation to sole operation or, conversely switches from sole 
operation to interconnected operation can be reduced. 
The following is a detailed description of the operation of 

this embodiment with reference to FIGS. 4 and 5. FIG. 4 
expresses the embodiment of FIGS. 1a and 1b as a single 
line diagram, and is a diagram illustrating the operation of 
the main circuit variables when inverter 10 has switched 
from interconnected operation to sole operation. FIG. 5 is a 
vector diagram illustrating the ?uctuation of the load voltage 
at the time when inverter 10 switches from interconnected 
operation to sole operation. 

In FIG. 4, the inverter output current outputted by inverter 
10 is shown as Ic, the load current ?owing in load 7 as Is, 
and the system current ?owing in AC system 6 via inter 
connection circuit breaker 5 as Ig. The load voltage gener 
ated by load 7 is shown as Vs and the system voltage of AC 
system 6 as Vg. Also, the load impedance is shown as Z. To 
simplify the explanation, AC system 6 is taken as an in?nite 
bus-line. Inverter 10 is outputting inverter output current Ic 
equal to the current reference of inverter control device 100. 

First, consider the state when interconnection circuit 
breaker 5 is closed and inverter 10 is executing system 
interconnection operation. System voltage Vg of AC system 
6 maintains the rated voltage amplitude and the rated 
frequency, regardless of the size of the current received from 
or supplied to inverter 10. Since inverter 10 and load 7 are 
connected to AC system 6 via interconnection circuit 
breaker 5, load voltage Vs has the same rated voltage 
amplitude and rated frequency as system voltage Vg. 
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The following Equation (1) can be established for load 
voltage Vs and system voltage Vg. 

Vs=Vg (1) 

Also, the following Equation (2) can be established for 
inverter output current Ic, load current Is and system current 
Ig. 

Ic=Ir+Ig (2) 

Furthermore, the following Equation (3) can be estab 
lished for load voltage Vs and load current Is. 

Next, when interconnection circuit breaker 5 opens and 
inverter 10 operates alone, as long as the current reference 
value is not altered by inverter control device 100, current Ig 
which has been ?owing in AC system 6 during intercon 
nected operation will ?ow in load 7. If the load voltage at 
this time is taken as Vsl, the following Equation (4) is 
established. 

That is to say, the voltage Z-Ig is added to rated voltage 
Vg of AC system 6 at load 7. FIG. 5 illustrates this state by 
vectors. 

In FIG. 5, vectors are drawn on orthogonal coordinates d 
- q, and system voltage Vg is taken as on the q axis. During 
interconnected operation, system voltage Vg and load volt 
age Vs are equal and on the q axis. However, when sole 
operation takes place, current Ig which has been ?owing in 
AC system 6 during interconnected operation ?ows in load 
7. Therefore, load voltage Vs alters to Vsl in response to 
impedance Z of load 7. Then, inverter 10 attempts to ?ow 
current Ic according to the current reference value, while 
load voltage is Vsl. Therefore, the load voltage further 
alters. This shows that, when inverter 10 switches from 
interconnected operation to sole operation, the amplitude 
and frequency of the load voltage alter, as long as the current 
reference value is not altered by inverter control device 100. 
That is to say, out of the voltage components which alter due 
to system current Ig which has been ?owing in AC system 
6 during interconnected operation and inverter impedance Z, 
the (1 axis component alters the frequency and the q axis 
component alters the amplitude. 
From the above, inverter 10 corrects the active current 

reference value lqc of current value 10 by the deviation 
between the AC system voltage rated amplitude and the AC 
voltage amplitude, and also corrects the reactive current 
reference value idc by the deviation between the AC system 
voltage rated frequency and the AC voltage frequency, at the 
point when it shifts from interconnected operation to sole 
operation. By this means, inverter 10 can control the output 
voltage so that it becomes equal to the rated amplitude and 
the rated frequency of the AC system voltage. 
The composition of the embodiment in FIG. 1b achieves 

adding circuit 110, frequency correction computing circuit 
131 and voltage amplitude correction computing circuit 132 
by electronic circuits. However, these may also be achieved 
by software using microcomputers, etc. In this case, if 
current control circuit 105 and active/reactive current detec 
tor 104 are achieved by microcomputer software in the prior 
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art example of FIG. 14, this embodiment has the advantage 
of being able to be readily incorporated into the prior art 
control device by adding the functions of adding circuit 110, 
frequency correction computing circuit 131 and voltage 
amplitude correction computing circuit 132 as software. 
The following is a description of a second embodiment of 

this invention with reference to the drawings. FIGS. 6a and 
6b are block diagrams showing the composition of the 
second embodiment of this invention. Points which differ 
from the ?rst embodiment of FIGS. 1a and 1b are the 
following: 

a deadband-?tted frequency correction computing circuit 
131A, provided in place of frequency correction computing 
circuit 131, which composes the frequency correction com 
puting circuit means; 

and 
a deadband-?tted voltage amplitude correction computing 

circuit 132A provided in place of voltage amplitude correc 
tion computing circuit 132, which composes the voltage 
amplitude correction computing circuit means. 

Points other than these are the same as in FIG. 1. 
Deadband-?tted frequency correction computing circuit 

131A inputs frequency reference signal F0 from frequency 
reference generator 122 and frequency signal F from he 
quency detector 107. After taking the difference by an adder 
1311A in FIG. 7, it outputs frequency correction signal EF 
via a deadband generating circuit 1313A and a proportional 
integration computing circuit 1312A as described later. 

Deadband-?tted voltage amplitude correction computing 
circuit 132A inputs voltage amplitude reference signal Vc 
from voltage amplitude reference generator 121 and voltage 
amplitude signal V from voltage amplitude detector 108. 
After taking the difference by an adder 1321A in FIG. 8, it 
outputs voltage amplitude correction signal EV via a dead 
band generating circuit 1323A and a proportional integration 
computing circuit 1322A. 

Adding circuit 110 has adders 111 and 112. Adder 111 
subtracts voltage amplitude correction signal EV outputted 
from deadband-?tted voltage amplitude correction comput 
ing circuit 132A from active current reference iqc outputted 
from active/reactive current reference generator 101, and 
outputs active current correction reference signal iqm to 
current control circuit 105. Also, adder 112 subtracts fre 
quency correction signal EF outputted from deadband-?tted 
frequency correction computing circuit 131A from reactive 
current reference idc outputted from active/reactive current 
reference generator 101, and outputs reactive current cor 
rection reference signal idm to current control circuit 105. 

FIG. 7 shows a practical circuit example for deadband 
?tted frequency correction computing circuit 131A in FIG. 
6b. This is composed of an adder 1311A, a deadband 
generating circuit 1313A and a proportional integration 
computing circuit 1312A. Proportional integration comput 
ing circuit 1312A is composed of an operational ampli?er 
Ac, resistors Rlc, R2c and R30 and a capacitor Cc. Dead 
band generating circuit 1313A is composed of Zener diodes 
ZDlc, ZD2c and a resistor R40, and receives the difference 
outputted from adder 1311A and applies the difference to 
proportional integration computing circuit 1312A only when 
the difference exceeds a ?rst speci?ed value, for example 0.5 
Hz. 

FIG. 8 shows a practical circuit example for deadband 
?tted voltage amplitude correction computing circuit 132A 
in FIG. 6b. This is composed of an adder 1321A, a propor 
tional integration computing. circuit 1322A and a deadband 
generating circuit 1323A. Proportional integration comput 
ing circuit 1322A is composed of an operational ampli?er 
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Ad, resistors Rld, R2d and R3d and a capacitor Cd. Dead 
band generating circuit 1323A is composed of Zener diodes 
ZDld, ZD2d and a resistor R4d, and receives the difference 
outputted from adder 1321A and applies the difference to 
proportional integration computing circuit 1322A only when 
the di?erence exceeds a second speci?ed value, for example 
5% of voltage Vc. 
When using this type of composition, it is possible to 

continue to supply power to load 7 by inverter 10 alone, even 
if interconnection with AC system 6 is interrupted, by 
causing current control circuit 105 to output inverter output 
voltage reference singals VRc, VSc and VTc by controlling 
such that active current signal iq equals active current 
correction reference signal iqm and, at the same time, 
reactive current signal id equals reactive current correction 
reference signal idm. 
The following is a description of the operation of the 

second embodiment of this invention. Only the portion of 
the operation different from that of the embodiment of FIG. 
1 will be described. 

In FIG. 6b, deadband-?tted frequency correction comput~ 
ing circuit 131A inputs frequency reference signal Fc from 
frequency reference generator 122 and frequency signal F 
from frequency detector 107. After taking the difference by 
adder 1311A in FIG. 7, it outputs frequency correction signal 
EF via deadband generating circuit 1313A and proportional 
integration computing circuit 1312A. 

Deadband-?tted voltage amplitude correction computing 
circuit 132A inputs voltage reference signal Vc from voltage 
amplitude reference generator 121 and voltage amplitude 
signal V from voltage amplitude detector 108. After taking 
the difference by adder 1321A in FIG. 8, it outputs voltage 
amplitude correction signal EV via deadband generating 
circuit 1323A and proportional integration computing circuit 
1322A. 
Adding circuit 110 subtracts frequency correction signal 

EF outputted from deadband-?tted frequency correction 
computing circuit 131A from reactive current reference idc 
outputted from active/reactive current reference generator 
101 using adder 112, and outputs reactive current correction 
reference signal idm. At the same time, it subtracts voltage 
amplitude correction signal EV outputted from deadband 
?tted voltage amplitude correction computing circuit 132A 
from active current reference iqc outputted from active/ 
reactive current reference generator 101 using adder 111, 
and outputs active current correction reference signal iqm. 

Current control circuit 105 inputs reactive current refer 
ence signal idm outputted from adding circuit 110, and 
active current reference signal iqm outputted from adding 
circuit 110. It then calculates inverter output voltage refer 
ences VRc, VSc and VTc which determine the 3-phase 
output voltage of inverter main circuit 1, so that active 
current detected value iq and reactive current detected value 
id from active/reactive current detector 104 are equal to 
active current correction reference signal iqm and reactive 
current correction reference signal idm. 

In the embodiment in FIGS. 6a and 6b, when intercon 
nection circuit breaker S is closed and inverter 10 is inter 
connected with AC system 6, frequency detector 107 detects 
the AC voltage frequency of AC system 6 as frequency 
signal F and voltage amplitude detector 108 detects the AC 
voltage amplitude of AC system 6 as voltage amplitude 
signal V. Therefore, frequency signal F and frequency ref 
erence signal F0 are equal and also, voltage amplitude signal 
V and voltage amplitude reference signal Vc are equal. 
By this means, frequency correction signal EF outputted 

by deadband-?tted frequency correction computing circuit 
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12 
131A and voltage amplitude correction signal EV outputted 
by deadband-?tted voltage amplitude correction computing 
circuit 132A become zero. Also, active current correction 
reference signal iqm and reactive current correction refer 
ence signal idm respectively become equal to active current 
reference iqc and reactive current reference idc. Therefore, 
inverter 10 supplies active current and reactive current to AC 
system 6 and load 7 according to active current reference 
signal iqc and reactive current reference signal idc from 
active/reactive current reference generator 101. 
The generation of frequency correction signal EF and 

voltage amplitude correction signal EV due to fluctuations in 
the system conditions during interconnected operation are 
suppressed by causing the deviation between frequency 
signal F and frequency reference signal Fe and the deviation 
between voltage amplitude signal V and voltage reference 
signal Vc to be within the deadbands of deadband generating 
circuits 1313A and 1323A. 
On the other hand, when interconnection circuit breaker 5 

is open and inverter 10 alone supplies power to load 7, 
frequency signal F detected by frequency detector 107 
differs from the frequency of the AC voltage of AC system 
6. Also, voltage amplitude signal V detected by voltage 
amplitude detector 108 differs from the amplitude of the AC 
voltage of AC system 6. Therefore, there will be a deviation 
between frequency signal F and frequency reference signal 
Fc which exceeds the ?rst speci?ed value corresponding to 
a ?rst deadband. Also, there will be a deviation between 
voltage amplitude signal V and voltage amplitude reference 
signal Vc which exceeds the second speci?ed value corre 
sponding to a second deadband. 

For this reason’, frequency correction signal EF outputted 
from deadband-?tted frequency correction computing cir 
cuit 131A and voltage amplitude correction signal EV out 
putted from deadband-?tted voltage amplitude correction 
computing circuit 132A will not become zero. 

Adding circuit 110 respectively corrects reactive current 
reference idc and active current reference iqc by frequency 
correction signal EF and voltage amplitude correction signal 
EV, and outputs reactive current correction reference signal 
idm and active current correction reference signal iqm to 
current control circuit 105. 

Inverter 10 supplies active current and reactive current to 
load 7 in response to active current reference signal iqm and 
reactive current reference signal idm from adding circuit 
110. By this means, the frequency and amplitude of the 
inverter output voltage can be controlled in the vicinity of 
frequency reference signal Fe and voltage amplitude refer 
ence Vc, respectively. 

In this embodiment, the same control circuit can be used 
both when interconnection circuit breaker 5 is closed and 
inverter 10 and AC system 6 are interconnected and when 
interconnection circuit breaker 5 is open and inverter 10 
alone supplies power to load 7. Also, the disturbance which 
occurs when inverter 10 switches from interconnected 
operation to sole operation or, conversely switches from sole 
operation to interconnected operation can be reduced. 

Based on the above-description, it is easy for those skilled 
in the art to construct practical deadband generating circuits 
1313A and 1323A and proportional integration computing 
circuits 1312A and 1322A. Accordingly, the detailed 
description of the values or constructions of the circuit 
elements or devices in circuits 1313A, 1323A, 1312A and 
1322A may be omitted. 

In the embodiment in FIGS. 6a and 6b, the capability of 
suppressing unnecessary control operations which occur due 
to system ?uctuations during interconnected operation is 
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added to the basic operation of the embodiment in FIG. 1 by 
the use of deadband-?tted frequency correction computing 
circuit 131A and deadband-?tted voltage amplitude correc 
tion computing circuit 132A. 

Next, a third embodiment of this invention is described 
with reference to FIGS. 9—13. 

FIGS. 9a and 9b are block diagrams showing the sche~ 
matic composition. Here, parts which are the same as in FIG. 
1 have been given the same symbols and their descriptions 
have been omitted. Points which differ from FIG. 1 are the 
provision of: 

a switch-?tted frequency correction computing circuit 
141 

and 
a switch-?tted voltage amplitude correction computing 

circuit 142 in place of: 
frequency correction computing circuit 131 and 
voltage amplitude correction computing circuit 132, and 

the new addition of: 
a computing circuit saturation detector 143 and 
a voltage/frequency monitoring circuit 144. 
FIG. 10 shows a practical circuit example for switch-?tted 

frequency correction computing circuit 141. Circuit 141 is 
composed of an adder 1311B, a switch circuit 1314B which 
is composed of a ?eld effect transistor SWe, a resistor R21e 
and a NAND circuit D3e, and a proportional integration 
circuit 1312B which is composed of resistors Rle, R2e and 
R3e, a capacitor Ce and an operational ampli?er Ae. 

FIG. 11 shows a practical circuit example for switch-?tted 
voltage amplitude correction computing circuit 142. Circuit 
142 is composed of an adder 1321B, a switch circuit 1324B 
which is composed of a ?eld eifect transistor SWf, a resistor 
R21f and a NAND circuit D3f, and a proportional integra 
tion circuit 1322B which is composed of resistors Rlf, R2f 
and R3f, a capacitor Cf and an operational ampli?er Af. 

FIG. 12 shows a practical circuit example of voltage/ 
frequency monitoring circuit 144. Circuit 144 is composed 
of reference voltage sources E1, E2, E3 and E4, operational 
ampli?ers Al, A2, A3 and A4, NAND circuits D1 and D3 
and an OR circuit D2. 

FIG. 13 shows a practical circuit example for computing 
circuit saturation detector 143. This is composed of absolute 
value circuits AB1 and AB2, reference voltage sources E5 
and E6, operational ampli?ers A5 and A6, an OR circuit D4, 
a resistor R11, a capacitor C11 and an inverse logic circuit 
D5. ‘ 

In FIG. 9b, voltage/frequency monitoring circuit 144 
monitors the various output quantities of frequency detector 
107 and voltage amplitude detector 108. When these exceed 
or fall below the set upper and lower limit values, it outputs 
a switching-OFF signal S to switch OFF the switches in 
switch-?tted frequency correction computing circuit 141 
and switch-?tted voltage amplitude correction computing 
circuit 142. 

Also, when the absolute value of the output of switch 
?tted frequency correction computing circuit 141 or of 
switch-?tted voltage amplitude correction computing circuit 
142 exceeds the set value for more than a speci?ed period, 
computing circuit saturation detector 143 executes the 
operation of switching ON the relevant switch by outputting 
a switching-OFF cancellation signal CLS. 

In the third embodiment described above, voltage/fre 
quency monitoring circuit 144 regards as transferring to sole 
operation the time when the ?uctuations of the voltage 
amplitude and the frequency exceed the speci?ed bands. 
Also, by operating switch-?tted frequency correction com 
puting circuit 141 and switch-?tted voltage amplitude cor 
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14 
rection computing circuit 142, inverter control device 100 
executes the operation of commencing the above-described 
correction control. Therefore, the operation of this correc 
tion control is suppressed during system ?uctuations when 
the ?uctuations of the voltage amplitude and the frequency 
do not exceed the speci?ed bands. And also control with 
excellent accuracy without deadbands can be executed when 
transferring to sole operation. 

Moreover, when transferring from sole operation to inter 
connected operation, the levels of voltage correction signal 
EV and frequency correction signal EF are monitored by 
computing circuit saturation detector 143. Therefore, the 
operation of stopping correction control when the output 
continuously exceeds a speci?ed level can be executed. 
The following is a description of the operation of the third 

embodiment. In FIGS. 9a and 9b, the alteration of the 
frequency or the voltage occurring when inverter 10 is 
disconnected from AC system 6 is detected by voltage/ 
frequency monitoring circuit 144. In that event, the correc 
tion control is commenced by switching OFF the switches in 
switch-?tted frequency correction computing circuit 141 
and switch-?tted voltage amplitude correction computing 
circuit 142. 
The switching-OFF operation is executed when switch 

ing-OFF signal S becomes logic 1 and a switching-OFF 
cancellation signal CLS is logic 1. In FIG. 12, switching 
OFF signal S becomes logic 1 when frequency signal F is 
greater than the value of reference voltage source E1 which 
indicates the upper limit value for frequency signal F 

or 

is smaller than the value of reference voltage source E2 
which indicates the lower limit value for frequency singal F; 

or when voltage amplitude signal V 
is greater than the value of reference voltage source E3 

which indicates the upper limit value for voltage amplitude 
signal V 

or 

is smaller than the value of reference voltage source E4 
which indicates the lower limit value for voltage amplitude 
signal V. At this time, NAND circuits D3e and D3f in FIGS. 
10 and 11 output logic 0 and ?eld effect transistors SWe and 
SWf become non-conductive. 

Consider the case where frequency signal F and voltage 
amplitude signal V are input to voltage/frequency monitor 
ing circuit 144 as a voltage signal of 5.00 V, the values of 
reference voltage sources El, E2, E3 and B4 are determined 
5.05V, 4.95V, 5.05V and 4.95V, respectively. 

Conversely, the case when inverter 10 has transferred 
form sole operation to interconnected operation is as fol 
lows. When voltage amplitude signal V and frequency signal 
F are respectively equal to voltage reference signal Vc 
outputted from voltage amplitude reference generator 121 
and frequency reference signal Fc outputted from frequency 
reference generator 122, the values of frequency correction 
signal EF outputted from switch-?tted frequency correction 
computing circuit 141 and voltage amplitude correction 
singal EV outputted from switch-?tted voltage amplitude 
correction computing circuit 142 are zero. Therefore, opera 
tion continues unchanged. However, when a deviation 
occurs between frequency signal F and frequency reference 
signal F0, or between voltage amplitude signal 'V and 
voltage reference signal Vc, the value of frequency correc 
tion signal EF or voltage amplitude correction signal EV 
increases above the maximum output level due to the 
in?uence of proportional integration circuit 1312B or ' 
1322B. Therefore, the fact that the value of frequency 
correction signal EF or voltage amplitude correction signal 








